Experimental
Synthesis of [Li(DME) 3 ][(2,6-iPr 2 C 6 H 3 NCHCHNC 6 H 3 iPr 2 -2,6) 2 Dy] (1a). A THF (20 mL) solution of
[2,6-iPr 2 C 6 H 3 NCHCHNC 6 H 3 iPr 2 -2,6]Li 2 (THF) n obtained in situ from 2,6-iPr 2 C 6 H 3 NCHCHNC 6 H 3 iPr 2 -2,6 (0.810 g, 2.15 mmol) and Li (0.030 g, 4.30 mmol) was slowly added to a suspension of DyCl 3 (0.290 g, 1.08 mmol) in THF (5 mL) at room temperature and the reaction mixture was stirred for 10 h. The volatiles were evaporated and the solid residue was extracted with toluene (15 mL). The toluene extract was filtered, toluene was removed in vacuum. Recrystallization of the resulting solid from DME at 3 ][(2,6-iPr 2 C 6 H 3 NCHCHNC 6 H 3 iPr 2 -2,6) 2 Tb] (2) . A THF (20 mL) solution of [2,6-iPr 2 C 6 H 3 NCHCHNC 6 H 3 iPr 2 -2,6]Li 2 (THF) n obtained in situ from 2,6-iPr 2 C 6 H 3 NCHCHNC 6 H 3 iPr 2 -2,6 (0.500 g, 1.33 mmol) and Li (0.019 g, 2.66 mmol) was slowly added to a suspension of TbCl 3 0.17 g (0.64 mmol) in THF (15 mL) at room temperature and the reaction mixture was stirred for 48 h. The resulting dark-red solution was filtered, the solvent was evaporated in vacuum and the resulting solid residue was extracted with toluene (20 mL). The extracts were filtered, toluene was then evaporated in vacuum and the remaining solid was redissolved in DME (~2 mL). Slow condensation of hexane into the DME solution at 20 o C afforded yellow crystals of 1 (0.51 g, 60%). IR (Nujol, KBr, cm - 
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added to a suspension of ErCl 3 (0.250 g, 0.91 mmol) in THF (15mL) at room temperature and the reaction mixture was stirred for 48 h. The resulting dark-red solution was filtered, the solvent was evaporated in vacuum, the remaining solid residue was extracted with toluene (25 mL) and the extracts were filtered. After evaporation of toluene in vacuum the solid was dissolved in DME (~2 mL). Slow diffusion of hexane into the DME solution at 20 o C afforded orange crystals of 2 (0.67 g, 58% Single-Crystal X-ray Diffraction. The X-ray data for 1-3 was collected on Bruker D8 Quest (1b, 2), Agilent Xcalibur E (1a, 3) diffractometers (MoK α radiation, ω-scans technique, λ = 0.71073 Å, T = 100(2) K). The structures 1-3 were solved by direct and dual-space methods 4 and were refined by full-matrix least squares on F 2 for all data using SHELX. 5 CrysAlis PRO 6 and SADABS 7 were used to perform area-detector scaling and absorption corrections. All non-hydrogen atoms were found from Fourier syntheses of electron density and were refined anisotropically. All hydrogen atoms were placed in calculated positions and were refined in the "riding" model with U iso (H) =1.2U eq of their parent atoms (U iso (H) =1.5U eq for CH 3 -groups). Two i Pr-groups in 2, all 2,6-i Pr 2 C 6 H 3 -fragments of anionic part [Dy(DAD) 2 ]in 1a, one i Pr-group in 1b, all DME molecules of cationic part [Li(DME) 3 ] + in 2 and 1a disordered over two sites. Displacement parameters of equivalent atoms of disordered fragments were restrained with RIGU, EADP and ISOR instructions; bond distances in disordered fragments were restrained with DFIX and SADI instructions.
CCDC-1461678 (1a), 1476447 (1b), 1476449 (2), 1476448 (3), contain the supplementary crystallographic data for this paper. These data are provided free of charge by The Cambridge Crystallographic Data Centre.
Magnetic Measurements
Magnetic susceptibility data were collected with a Quantum Design MPMS-XL SQUID magnetometer working between 1.8 -350 K with the magnetic field up to 7 Tesla. The sample was prepared in a glove box. The data were corrected for the sample holder and the diamagnetic contributions calculated from the Pascal's constants. Active space of the CASSCF method included 9 electrons in 7 orbitals for the Dy center (4f orbitals of Dy 3+ ion), 8 electrons in 7 orbitals for the Tb center (4f orbitals of Tb 3+ ion), 11 electrons in 7 orbitals for the Er center (4f orbitals of Er 3+ ion).
Considering the spin-orbit coupling, for the Dy center, the CASSCF calculation is executed at ground state(S=6) with all of the 21 configurations, the first excited state(S=4) with all of the 224 configurations and the second excited state(S=2) with all the 490 configurations. After the CASSCF calculation, the RASSI calculation of RAS state interaction is performed 21 configurations for the ground state(S=6); 128 configurations for the state (S=4) and 130 configurations for the state (S=2). For the Er center, both the CASSCF and RAS calculation are executed at the ground state (S=4) with all of the 35 configurations, the state S=2 with all of the 112 configurations. For the Tb center, the CASSCF calculation is executed at ground state (S=7) with all of 7 configurations, the first excited state (S=5) with all of the 140 configurations, the second excited state (S=3) with all of 588 configurations and the third excited state (S=1) with all of 490 configurations. The RASST calculation of RAS state interaction is performed 7 configurations for the ground state (S=7), 140 configurations for the first excited state (S=5), 113 configurations for the second excited state (S=3) and 123 configurations for the third excited state (S=1).
On the basis of the resulting spin-orbital multiplets SINGLE_ANISO program computed local magnetic properties (g-tensors, magnetic axes, local magnetic susceptibility, etc.)
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Magnetic Properties
DC magnetic properties of 1a.
It has been noticed that the number of solvates DME molecules in 1a may vary. The magnetic results have been obtained considering the presence of two solvates molecules. The temperature dependence of the magnetic susceptibility performed with an applied magnetic field of 1000 Oe for 1a reveals that the room temperature T value is equal to 14.05 cm 3 .K.mol -1 , which is close to the theoretical value of 14.17 cm 3 .K.mol -1 expected for one Dy 3+ ion ( 6 H 15/2 , S = 5/2, L = 5) ( Fig. S2 ). Upon cooling, a decrease of T occurs due to the thermal depopulation of the Stark sub-levels to reach the value of 10.05 cm 3 .K.mol -1 at 1.8 K. The field dependence of the magnetization at 1.8 K reaches the values of 5.26 B at 7 T (Inset of Fig. S2 ) without a clear saturation.
DC magnetic properties of 1b.
The temperature dependence of the magnetic susceptibility performed with an applied magnetic field of 1000 Oe for 1b reveals that the room temperature T value is equal to 14.32 
Magnetic properties of 2
The magnetic properties of the terbium analogue 2 were investigated. Similarly with Dy 3+ , the Tb 3+ ion exhibits an oblate electronic density. However this is a non-Kramers ions ( 7 F 6 ground state). The room temperature value of T measured for 2 is equal to 11.23 cm 3 .K.mol -1 which is close to the expected value of 11.82 cm 3 
3) for which the first term accounts for the direct process (for non-Kramers-ion such as Tb 3+ ), the second one stands for the QTM and the last one is a constant representing the field independent Orbach and Raman process. The obtained parameters are summarized in Table S10 . The antagonist effect of the QTM and direct processes gives birth to the maximum observed in the field dependence of . The magnitude of Submitted to Chem. Commun., 2017
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the B 1 and B 2 parameters directly reflects the degree of mixing between the  m J levels and consequently the QTM process.
The frequency dependence at different temperatures under this optimum field of 900 Oe reveals the presence of frequency dependent single peaks (Fig. S13 ). Their maxima shift to higher temperatures upon increasing frequencies, which clearly indicate a slow relaxation of the magnetisation with out-of-phase signals observed higher than 10 K. The Orbach barrier, estimated from the linear fit,  =  0 exp( Orbach /kT), gives the parameters  0 = 6.41  10 8 s and  Orbach = 21 cm 1 , confirming a field induced SIM behaviour.
A clear deviation from the linearity appears in the low temperature range (Fig. S14) , reflecting the contribution of additional relaxation spin-phonon pathways, such as Raman or direct processes, which show various degree of dependency with temperature. In order to estimate their contribution and extracting a more accurate value of the  Orbach barrier, fitting of the temperature dependence of the relaxation time was performed using (Eq. 2) by fixing m = 7 (value for non-Kramers ion) 9 and n = 1 (usually found for direct process). The best fit gives (Table  S12 ).
Magnetic properties of 3.
In contrast with the Tb 3+ and Dy 3+ ions, the Er 3+ ion exhibits a prolate electronic density. The room temperature value of T is equal to 11.06 cm 3 .K.mol -1 , which is close to the expected value of 11.48 cm 3 .K.mol -1 expected for a Er 3+ ion considering the free-ion approximation. The observed decrease of T upon cooling is ascribed to the thermal depopulation of the Stark sublevels. The field dependence of the magnetization at 1.8 K reaches values of 5.59 B at 7 T without a clear saturation (Inset of Fig. S2 ). No out-of-phase signals could be detected at 1.8 K under a zero dc field. Applying weak dc fields shortcut the fast QTM and induces the appearance an out-of-phase susceptibility, but without the presence of a clear maximum (Fig.   S17 ). The temperature dependence of " under a 2500 Oe dc field confirms that the maximum is located lower than 1.8 K (Fig. S18) , precluding an in-depth analysis of the relaxation process. Such results confirm that the DAD ligands are particularly adapted to stabilize the electronic density of oblate lanthanide ions. Submitted to Chem. Commun., 2017 S18 
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Figure S17 Frequency dependence of the out-of-phase susceptibility, ", at 1.8 K for different DC fields for 3. Table S7 . Fit parameters obtained using the equation Table S11 . Fit parameters of the field dependence of the relaxation time obtained using the Eq. 3 for
2.
Compound  Orbach (cm -1 )  0 (s) C (s -1 .K -9 ) C (s -1 .K -7 ) D (s -1 K -1 Oe 2 )* B 1 (s -1 )* B 2 (Oe -2 )* 2 (900 Oe) 12.2 ± 0.5 3.77  10 -5 -2.429 10 -4 1.762  10 5 541.28 9.52  10 6 
